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DEVELOPMENT OF AN IMPROVED OXYGEN ELECTRODE FOR USE 
I N  ALKALINE 4-0, FUEL CELLS 
The objective of t h i s  project i s  the synthesis of i n t e r s t i t i a l  
compounds for  increasing the efficiency of the oxygen electrode i n  
alkaline I& -0, fuel  ce l l s .  
National Aeronautics and Space Administration with M r .  E. M. Cohn as 
technical monitor, Principal investigators a re  Sayeed Akhtar, C. T. 
Grein, R. C. Diehl, W. H. Ryback, and D. Bienstock. 
The work i s  being carried out fo r  the 
Bureau of Mines 
P i t t s b u r g h  Coal Research Center  
Q u a r t e r l y  Repor t  f o r  t h e  pe r iod  ending March 31, 1968 
Development of  An Improved Oxypen E l e c t r o d e  f o r  Use 
i n  A l k a l i n e  H2-02 F u e l  Cel l s  
Summary 
S i x t e e n  samples were shipped t o  Tyco L a b o r a t o r i e s  i n  t h i s  q u a r t e r .  
.I- I n  a d d i t i o n ,  81 silniples ----- w e l t :  shipped t o  o t h e r  l a b o r a t o r i e s  z o c p e r a t l n g  
i n  t h e  p r o j e c t .  
R e s u l t s  of f u r t h e r  e l e c t r o c h e m i c a l  t es t s  are p resen ted .  
I n t r o d u c t i o n  
T h i s  r e p o r t  cove r s  t h e  work performed i n  t h e  f i n a l  q u a r t e r  of t h e  
c o n t r a c t  p e r i o d .  
f o r  t h e  c a t h o d i c  r e d u c t i o n  o f  oxygen i n  a l k a l i n e  H2-02 f u e l  ce l l s .  
The work w a s  conducted i n  coope ra t ion  wi th  Tyco L a b o r a t o r i e s ,  I n c . ,  
and t h e  materials under i n v e s t i g a t i o n  were t h e  i n t e r s t i t i a l  compounds 
of  t h e  t r a n s i t i o n  metals, s i n g l y  and i n  combina t ions ,  w i t h  ca rbon ,  
n i t r o g e n ,  and boron. Samples of t h e  p r e p a r a t i o n s  were a l s o  s e n t  t o  
o t h e r  f i r m s  d e s i g n a t e d  by t h e  Technica l  Monitor  of  N.A.S.A. T h i s  
r e p o r t  d e a l s  p r i m a r i l y  w i t h  t h e  p r e p a r a t i o n  of t h e s e  compounds; i n f o r -  
mat ion  on t h e  e f f i c a c y  of  t h e  p r e p a r a t i o n s  i n  l a b o r a t o r y  tes ts  may b e  
ob ta ined  from t h e  r e p o r t s  of Tyco L a b o r a t o r i e s ,  I n c . ,  Waltham, Mass. 
The o b j e c t  of t h e  p r o j e c t  w a s  t o  deve lop  c a t a l y s t s  
A comprehensive r e p o r t  of i n v e s t i g a t i o n  cove r ing  t h e  e n t i r e  
p e r i o d  o f  c o n t r a c t  i s  under p repa ra t ion .  Tyco L a b o r a t o r i e s  w i l l  
compile a s e p a r a t e  r e p o r t  on t h e  p a r t  of work performed i n  t h e i r  
l a b o r a t o r i e s .  
t i c i p a t e d  i n  t h i s  c o o p e r a t i v e  p r o j e c t  w i l l  b e  i n c o r p o r a t e d  i n  o u r  
r e p o r t  o f  i n v e s t i g a t i o n .  
The t e s t  r e p o r t s  from o t h e r  l a b o r a t o r i e s  which p a r -  
Experiment a1 
A .  P r e p a r a t i o n  of Reduced Mixed Metals 
The fo l lowing  combinations of reduced mixed metals were p repa red  
t h i s  q u a r t e r  
1. - 92R Ug-3P t .  An a l k a l i n e  aqueous suspens ion  of P t - b l a c k  was 
t r e a t e d  w i t h  a s o l u t i o n  o f  s i l v e r  n i t r a t e  a t  room t empera tu re  w i t h  
v i g o r o u s  s t i r r i n g .  The s o l i d  was washed, d r i e d  and reduced with 
hydrogen a t  2500 h o u r l y  space v e l o c i t y ,  25OoC f o r  89 hour s .  
2. 1Ag-1Pt. S i l v e r  hydrox ide  p r e c i p i t a t e d  on P t - b l a c k ,  as i n  
Reduced w i t h  hydrogen a t  2500 h o u r l y  space v e l o c i t y ,  250°C f o r  89 92R. 
h o u r s  . 
3.  1Pt-1Pd. A mixed s o l u t i o n  of  P t  and Pd i n  aqua r e g i a  was 
made a l k a l i n e  w i t h  NaOH, and t h e n  t r e a t e d  w i t h  a s o l u t i o n  of  sodium 
fo rma te  wi th  v igo rous  s t i r r i n g  a t  90°C. 
and reduced w i t h  hydrogen a t  1000 h o u r l y  space v e l o c i t y ,  250°C f o r  85 
hour s .  
The s o l i d  was washed, d r i e d  
4. 95R 3Pt-1Pd. P r e p a r a t i v e  method as i n  94R. S o l i d  reduced 
w i t h  hydrogen a t  1000 h o u r l y  space  v e l o c i t y ,  25OoC f o r  85 hour s .  
5. 96R 3Pd-1Pt. P r e p a r a t i v e  method as i n  94R. S o l i d  reduced 
w i t h  hydrogen a t  1000 h o u r l y  space  v e l o c i t y ,  250'C f o r  85 hour s .  
6 .  1Au-1Pd-Ug. A mixed s o l u t i o n  of  Au and Pd i n  aqua r e g i a  
was made a l k a l i n e  w i t h  NaOH and t h e  p r e c i p i t a t e  so  o b t a i n e d  was washed 
f r e e  of c h l o r i d e  ions .  The material  w a s  t hen  suspended i n  water, made 
a l k a l i n e ,  and t r e a t e d  w i t h  a s o l u t i o n  of  s i l v e r  n i t r a t e  w i t h  v igo rous  
s t i r r i n g .  The s o l i d  was washed, d r i e d ,  and reduced w i t h  hydrogen a t  
1000 h o u r l y  space v e l o c i t y ,  250°C f o r  85 hour s .  
7.  98R 1Ni-1Pt-1Pd. A mixed s o l u t i o n  of  P t ,  Pd, and N i  w a s  made 
a l k a l i n e  w i t h  NaOH and t h e n  t r e a t e d  w i t h  sodium fo rma te ,  w i th  v igo rous  
s t i r r i n g  a t  about  90°C. The d r i e d  powder w a s  reduced w i t h  hydrogen a t  
2000 h o u r l y  space v e l o c i t y ,  250°C f o r  85 hour s .  
8.  IAg-1Au-1Pt. Gold as hydroxide  and p l a t inum as P t - b l a c k  
were prepared  s e p a r a t e l y  and washed f r e e  of c h l o r i d e  i o n s .  They were 
t h e n  mixed t o g e t h e r  and suspended i n  water. 
a l k a l i n e  and t r e a t e d  wi th  a s o l u t i o n  of s i lver  n i t r a t e ,  w i th  v i g o r o u s  
s t i r r i n g  a t  room tempera ture .  The washed and d r i e d  s o l i d  was reduced 
w i t h  hydrogen a t  2000 h o u r l y  space  v e l o c i t y ,  25OoC f o r  85 hour s .  
The suspens ion  was made 
9. 1Ag-1Pd-1Pt. 
was made a l k a l i n e  wi th  NaOH and t h e n  t r e a t e d  w i t h  a s o l u t i o n  of  sodium 
formate  wi th  v igo rous  s t i r r i n g  a t  90°C. The s o l i d  w a s  washed f r e e  of  
c h l o r i d e  i o n ,  suspended i n  water, made a l k a l i n e  w i t h  NaOH and t r e a t e d  
w i t h  a s o l u t i o n  of s i l v e r  n i t r a t e  w i t h  v igo rous  s t i r r i n g .  The t h r e e -  
component p r e c i p i t a t e  was washed, d r i e d ,  and reduced  w i t h  hydrogen a t  
1000 hour ly  space v e l o c i t y  a t  25OoC f o r  85 hour s .  
A mixed s o l u t i o n  of  P t  and Pd i n  aqua r e g i a  
2 
10. l O l R  3Ag-lAu. Washed and d r i e d ,  s e p a r a t e l y  p repa red  hydrox ides  
of  s i lver  and gold  were mixed mechanica l ly ,  and t h e  m i x t u r e  reduced  w i t h  
hydrogen a t  1500 h o u r l y  space v e l o c i t y ,  25OoC f o r  89 hour s .  
11. - 102R 3Au-1Pt. P t -b l ack  and gold hydroxide  were p r e c i p i t a t e d  
s e p a r a t e l y .  C a l c u l a t e d  amounts of t h e  washed and d r i e d  powders were 
mixed mechan ica l ly ,  and t h e  mix tu re  reduced w i t h  hydrogen a t  1500 h o u r l y  
space  v e l o c i t y ,  25OoC f o r  80 hour s .  
12. - 103R lAu-3Pt. Prepared  as 102R. Reduced w i t h  hydrogen a t  3000 
h o u r l y  space v e l o c i t y ,  25OoC f o r  92 hours.  
13. 104R Nu-1P t .  Prepared as 102R. Reduced w i t h  hydrogen a t  1500 
h o u r l y  space  v e l o c i t y ,  25OoC f o r  82 hours .  
14. 105R 1Ag-3Au. Prepared  as 101R. Reduced w i t h  hydrogen a t  1000 
h o u r l y  space  v e l o c i t y ,  25OoC f o r  89 hours.  
15. - 106R 1Ag-Uu. Prepared  as 101R.  Reduced w i t h  hydrogen a t  1000 
h o u r l y  space  v e l o c i t y ,  25OoC f o r  90  hours.  
16. - 107R lAu-1Pt-1Pd. A mixed s o l u t i o n  of P t  and Pd i n  aqua r e g i a  
The washed and d r i e d  powder w a s  
w a s  made a l k a l i n e  wi th  NaOH and then  t r e a t e d  w i t h  a s o l u t i o n  o f  sodium 
formate  a t  90°C w i t h  v igo rous  s t i r r i n g .  
mixed mechan ica l ly  w i t h  a s e p a r a t e l y  prepared  powder of go ld  hydrox ide  
and t h e  m i x t u r e  reduced w i t h  hydrogen a t  1000 h o u r l y  space  v e l o c i t y ,  
25OoC f o r  86 hour s .  
B. E lec t rochemica l  T e s t  Work 
The a p p a r a t u s  and procedure  f o r  t e s t i n g  t h e  a c t i v i t y  of c a t a l y s t s  i n  
t h e  c a t h o d i c  r e d u c t i o n  of 0 2  have a l r e a d y  been d e s c r i b e d  i n  t h e  q u a r t e r l y  
r e p o r t  f o r  t h e  pe r iod  O c t .  1-Dec. 31, 1967. The r e s u l t s  of  tests performed 
w i t h  a f e w  randomly s e l e c t e d  p r e p a r a t i o n s  are g iven  i n  t a b l e  1. The s i g -  
n i f i c a n t  c a t a l y t i c  a c t i v i t y  of  3Ni-lAg, 3Ni-lAu, and 1Ni-IAu may be noted.  
(The h igh  a c t i v i t y  of IAg-3Pd may be a s c r i b e d  t o  t h e  Pd c o n t e n t  o f  t h e  
mixture . )  It may f u r t h e r  be noted that a l though  3Ni-1Au and 1Ni-1Au mix- 
t u r e s  are c a t a l y t i c a l l y  active,  1Ni-3Au m i x t u r e  h a s  l i t t l e  a c t i v i t y .  Th i s  
o b s e r v a t i o n  appeared t o  b e  worthy of f u r t h e r  i n v e s t i g a t i o n .  Accord ing ly ,  
a series o f  Ni-Au m i x t u r e s  c o n t a i n i n g  50-90 p e r c e n t  N i  w a s  p repa red  by 
mixing s e p a r a t e l y  prepared  and d r i e d  powders of  n i c k e l  hydrox ide  and gold 
hydrox ide ,  each of which had been assayed f o r  i t s  p r e c i s e  metal c o n t e n t .  
The tho rough ly  mixed powders were reduced w i t h  hydrogen a t  250°C f o r  90 
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c o o l i n g ,  were washed f r e e  of r e s i d u a l  a l k a l i n i t y  and c h l o r i d e  con tamina t ion  
w i t h  d i s t i l l e d  water and d r i e d  over  anhydrous CaSO4 i n  a n  atmosphere of 
p e r c e n t  PTFE were then  prepared  from each o f  t h e  materials and t e s t e d  
under s t a n d a r d i z e d  c o n d i t i o n s .  The r e s u l t s  of  t h i s  series o f  exper iments  
are p r e s e n t e d  i n  t a b l e  2. 
through a peak as t h e  composi t ion  of the mix tu re  i s  v a r i e d .  F u r t h e r  ex- 
pe r imen t s  are needed t o  de te rmine  t h e  composi t ion  co r re spond ing  t o  t h e  
peak a c t i v i t y .  
C02. Test e l e c t r o d e s  of comparable loading (40-45 mg/cm 2 ) c o n t a i n i n g  30 
It w i l l  be  seen t h a t  t h e  a c t i v i t y  p a s s e s  
TABLE 2.- Act ivi ty  of Ni-Au catalysts 
(ma /cm2) 
N i  9Ni-1Au 8Ni-2Au 7Ni-3Au 6Ni-4Au 5Ni-5Au 
800 mv 0.16 3.8 32 53 16.5 3.8 
600 mv 2.2 1 3  72 1 2 1  31 9 .o 
400 mv 6.5 15.5 108 164 40 12 
5 
APPENDIX I 
Samples shipped t o  Tyco Labora to r i e s  t h i s  q u a r t e r  ------------ 16 
Samples sh ipped  t o  Tyco Labora to r i e s  t o  d a t e  ----------------- 221  
Samples shipped t o  non-cost u s e r s  t h i s  q u a r t e r  --------------- 81 
Samples shipped t o  non-cost u s e r s  t o  d a t e  .................... 418 
6 
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